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(57)Abstract: 

PROBLEM TO BE SOLVED: To generate laser beams of different 
emission characteristics by forming electrically connecting the p-side and 
n-side electrodes of a first laser portion having each p-side and n-side 
electrode and a multilayer construction of an n-type semiconductor layer, 
a p-type semiconductor layer, and an active layer, to the n-side and p- 
side electrodes of a second laser portion respectively. 
SOLUTION: As a GaN laser having ridge construction, a multilayer 
construction of an n-type AIGaN clad layer 12, an active layer 13, a p- 
type AIGaN clad layer 14, and a p-type GaN contact layer 15 is formed 
on an n-type GaN layer 1 1, to make a first laser portion. The top parts of 
the contact layer 15 and the GaN layer 1 1 are covered with an insulating 
layer 16 of Si02, forming apertures 51, 52 in parts of the contact layer 15 
and the GaN layer 1 1. In addition, an Ni electrode layer 31 is arranged on 
the contact layer 15 with the aperture 51 between, and a Ti-Au electrode 
layer 32 is on the GaN layer 1 1 with the aperture 52 between. A second 
laser portion is made as an AIGaAs laser of ridge construction by forming 
a multilayer construction of an n-type AIGaAs clad layer 22, an active 
layer 23, a p-type AIGaAs clad layer 24 and a p-type GaAs contact layer 
25 laminated on an n-type GaAs board 21, and covering the top part with 

an insulating layer 16, forming apertures 53, 54 in parts of the contact layer 25 and the GaAs substrate 21, and 
the (n) and (p) electrodes of the first and second laser portions are connected. 
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im&m 1 1 '>4<tin m*m#m. sea* p m 
n mm® t , **-r s y -y ^gug&srw-r sis 1 Rxsm 
\s-*m<o p wmsAxs n mmm^nztimzm 2 u 

[ffi$8 2 ] HufBSf? 1 b-D*D p Wtt^Rtf n M« 

^eti^nwHEfc 2 u— yap© n tras&tf pftma 

Mfcftg 3 ] tftflBJS 1 Rtf* 2 y«tt, f&^«^Sr 
Jg 2 IBf*<D¥i»tt u-y^?o 

ctiti&mtir&m&m 2 xa 3 
imxm 5 ] mneas 1 Rxfm 2 y»©** < 1 1, 

Mia pM*C£ttfS pSffftikOHti/a 

< y h+-/ < ?y-v-*#-r-5<ifc%i|«sii:'r*w*ai7iiS 

3 ISttO 5 % © 1 0©¥#ft P-yig? . 

immm 6 ] meas 1 vccsm 2 u-ygi$©'>& < 1 t 

afk^f'J *A (Gal© I^iMSlS-ttft^ 

s»{* c t. £■?& m&m mm. 5 mm 

© 5 © 1 ~D(D¥m# u-y 0 
m#m 7 1 «s±£'>fc < 1 1> n gmvttji* as 

nS^f*jB*Sta-rs«t3fi:X hv-f^OU «yS>* 
MtS^f^^i:, flOIB'J -y ^HSI5fi.tf SSPK^-n 
^ti^l&t/^2m®%^-rSXx'y^i:> fre>&£ 
U— y 7-tr y ZJ&fS.-? 3 X-r <y 7£ , 

mitB b-y T-t >^ y %#js-r s >y o m lt 
s 1 s^as 2 co 2 o© b-yr-ir sr/im-f sxr- 

ffilSffi 1 l<-*fT-ii>7V(DMU%! 1 W&RtfBfifBtg 2 

«ffi*a»«*Ktc^bTMfBS 2 u-yr-fe^^y © 
* ixznmsm 2 aasst;wiBS 1 Mfcttiajs-trctfc 

lWfBSfURalSl2©l^-y7H:>7y£ffi«^bi6, M 

>aiitti»*»»s-&T* 1 & 2 to u-y 7 -tr y 
Mieie 1 Rtfm 2 © u— y 7 - t > 7 y e. hQIb»«o ? 

< £ &iffcli14©««£Bfc*-f 3Xf -y 7£, 

ffllSff 1 Rtfss 2 © u-y 7 -t y 7 y © IftfB n 

?g 1 u-y7-fe>-7*y ©sutsifi 1 mm^L<immm2 
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2 

u-y7-b>^y <r>msm 2 1®«'>& < t t>^-?ti& 
-y3<D±\cmmttm&m&?zxTy7£. mmmi v 
-y7-b y ©HatBm 2 m«se l < {ifluias 2 b-y 
7-try7"ycr>Mifigi 1 mfiBco'>*< tfei^-fn^— tjco 

±^16»tt^«*&-r5Xx-y^ , i:> *$tfCi:^Sl 
£ f SfS^S 7 |B«<D^©<*U—y^? OSiJiT] So 

cw#a 9 ] ffiiBJH 1 Rtfis 2 u-y7 -t >r y <wp 

M*iit5Xf7 7'li, MfB2«cDJgS5fr<=> 200-3 
00nracOffig«:*-rS U- f^TOtSXf »y T'TSS 
C i:«r^^-rslf^9lBI8«0^»U'-y^cOffi< 

[000 1] 
[0 0 0 2] 

t c <dk e -y ^ 7 >y ^tcffl ^ u-yn^ 1 

U— tf DVD ^U— V-ettiS«650nmco 

*fe¥W<*u-y*?*\ t/-cW4ffiaafcy<oitf8fB 

@§a«r±lf fc%^ DVDCDHD-DVD^ l/— Y t* 

30 «j^54ionmcowfe^«i*u— y^^^ffifflsnrv^ 

So 

[0 0 0 3] ill:ito;?t, ftfcf-y^-yT'tcffli^ 
enTi/^^3Rcoy «yS>SJ¥tgf*l'— -ysR^M:, fl^l^e 
{^s »«101cO±{Cn^»^102, nff«#^7'V 
?gttei04, pS^fft77 7 Fei05, pS 

40 2 mnim-MmRt zc£ r^m-r % v-^mmm v>mt 

AIGalnP^T?fenjf650nmjfi^co&STs 6aN^-pfe 
tiff 400nmj£^tD&ST*%tg-r S cOTfe 5o 
[0 0 0 4] fcC5t?, ± B BLfc<}:-5fc¥ti#U— y 

-rsfeoTSSo fiaj^-tof, cDsaDVDf-f 
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3 

rtSWcftttU cntc <t o T W*»)fls*fT -5 . 2) ttft 
CDS* U— *f JR?«r 1 oco Ky*7y^y* 

[0 0 0 5] L^Lft^6, 1) O^ffiTtt. 

tftb-otzo £fc. 2) <D7?j£T*te, t!y»77^10 
co U V X£ jfi&<9 U— »f JfcFfr & fe» 

hOIB««|5»fc:!(E<BaEb 

SJitnx h*±#***JllHi:&oTV^ft:o 

[0 0 0 6] 

-if 2>cttfT*%z> *m#. «f * wa * n 
<oist?Tf#£ c £ ^7?* s¥#f* u-if was n 

[0 007] 

[ISS£f»i*^Sfc#<D#l8] *S6WfccfeS*SK*U— 

ifa*<o p««ffiRtf nftiwsA^n^nsaiBa 2 *f 

g&<0 nffiUBfiiRtf p««ii:««Wtet«*«tlTV^* c 

[0 0 0 8] *«wic*su- if^SMt*^ 

■UCJifeTfcoT, U— If 7*^:7 y XT' 1 * 
^tt, «K±^>ft<i:fena!*»(*», S14S> pS 

fcm*m ta-r s^^icxh^ 7t£<o y * % 

f-v^t. frSttO. «I3U— IfT-bV^U ttMW* 
Xf7 0 51 LTSff 1 ft tf IB 2(02OO U— if 7-fe 
V^U*ffl«U »B»l U-1fT-bvrUOWI2»l 

RtflWiaSB 2 «tt*WE» 2 u-if7*>ruotn* 

nsutas 2 fttf ftifEfs 1 ««ic*oKik:iwi*r«^bT 



(3) ttBfl 2 0 0 0 - 2 5 2 5 9 3 

ft?£-£TS?l 1 ftlf * 2 <D ls-*f7*>7V *B»* L» 
ZXTVft* «9IBJBlfttf»2©U-1fT-fe>^y^ 

f-y-ft* «I3* l fttf»2©U-1f7-fe>ryol0ia 

[0 0 0 9] 

[^(OUSSco^ffi] HI 2 ICS*** 5 te* *S5WKJ:* 

io e>*^o a-iu- -tfffltt, y^^«ia**rr*«fk*y 

(GaN) tfTfeoT. n S^GaNJII 1±lC, ng 

AIGaN*9y KJB12, S1S/B13, P S!AIGaN*9^ F»1 

fr&fcSo y y^BSOnyJi' F J11 5ft tf 'J 
OnaaGaNJBIIO— SBUi^n^nSSSU 52*J&«LT> 

(NO «ffiJl31^3>*^hJi15±fc. Sfc, JBS2*^ 
LTf^>^ (Ti/Au) «S»32^nS!GaNJ111±tc:BB 

[ooio] ^2 u-if«tt. y y^«Bt**-r*T;i/ 

5— 9A-*ry £i*-t:ifS (AIGaAs) JRU— -tfCfcoT, 

nMGaAsS«21±tC, ngfAIGaAs*^ y FJ122. 

23, p^AIGaAs^^^y FB24, pSIGaAsn >^ * hS25 

SGaAsSffi21ftt;y y^aOpfflGaAan:/** hiS25 

o-gp^^n^n^, 54*«j«bT. *nwno*ji 

tC N S53*^LT^-y;l/V-«>ix (Au-Ge) 
30 ^33, SR54*^bT*nA (Cr) ««Ji34*^n j E f nn 
SGaAsSjK21ftr5 p SGaAsn >^ ^ hS25±tcBH^nT 

[0 0 1 1] fit, mi U-if»OpOT««fttf n«l 

m^A^n^ntuKm 2 u-if a5<o n fiysesfttf pfflja 

2 *f«OAu-Ge-&&«ajl33« x ^-ffl (Au-Sn) ^ 
^Ji35klJ:oT»jR*nTV^» »1U-If»0 
^0 Ti/AuflffiJ132i:*2l/— if»OCr«SJ134«, Au-Sn^ 

^®35JC<feoTS3B!^nTV^o 
[0 0 12] ^?)^, m 1 U-lfgPOnSIGaNjllUCfe 
^Tlft»B160B*tifcBi:E«flllOffik:«, Ti/AuB 

(Ti/AI) *WRfcl/TfeJ:i\ nWWcJB2U— WW) 
n SGaAs»«21 1 V^TJ6»IH 1 6<0SB2 tifcffi SWWJ 
Affile tt, Au-Gemffi61WE«tlTV>5o ttt±©W*fll 

gpftt;^ 2 u-if gpti. *n^nDiftt;D2<o^>r*- 

50 K*MbTl/^o ^UT, CC0 2OC0Wt-Ftts 
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5 

s Q ii*fl»*:*«i^i*n*fce«JBi u— »f» 
[0 0 13] *fc* miicTjkt&oi^ ft i i> — -*f»fc 

fc**9lC»rtLT, pn^*-Kfctt^TJBtflWl 
£EcD/h2V^>3 y FDsohottS'S'S^rfc 

ic u— «f d i (ommmmm-v «r»su^ 

-^»*»»t"*2O0SBBUl^H'B&^--*, SIX 
[0 0 14] ElS^-Tcfc^tc, SffiO¥» 

tt, Uy^lBB**rr*»fb*U , >A (GaN) JR U—»f 
TfeoT, nSGaN»11±fc. nS!A!GaN*^y FJB12* 
nS!AIGaN5ff>r F«17, SttJ113. pfflAIGaN*f>f F«1 
8. pSJAIGaN^y FJ114, p^GaNm >? FJ115# 

* * F«15Rtf U y ^SSBO n SGaN® 1 \V>— SPtC^n 

*S/»J* (Si02) OjO*«5«)B16^IBoTV^So 2£ 

SGaNn^*^ h/f15±fc:. Sfc, K52*^bTTi/Au« 
»S32tf n SGaN/11 1 ±teE*ftTl^5o 

[0015] JB2 u— ifWtt, »J *s>ttS**rr*7/i, 

*~^A-;tfy *A-fc|R (AIGaAs) JRU— *fT?*oT* 
nSGaAs8fi21±fc* nSAIGaAs^ y FJK2* nSAI 
GaAs^T-Y FJB26* S14S23, pSAIGaAs^ FB27. p 
SAIGaAs^^^ FJ124* p^GaAsn ^ FJH25*MIR& 
WB*tlft*JMBB#3!p6aao p^GaAsa>^^b« 

25^c « , p spF*fi»# io 19 — io 2 °i /ccm&<Dm&x*mn 

S!AIGaAsWffi»«128#E*ttT^*o CCVV vi? 

pSAIGaAs*9y FJ124**^)— ffl5fc-&A/TV^Tt> 
&t/\> S6fc, Uy^Sffi^nfflGaAsaKO—aSfclSSa 
*JBfl8bT, U yvTHSPOpSGaAs^V^* FJB25Rtf 
n SA I GaAs«ffiSfc*I280— »0±fc t> 854«ftdl U 

So ^LT. 8153*^ UT, Au-Ge^&«@Jf33tf nS!G 
aAs**E21±*cE*nT0^*« $fc> S54*^UT^ p 
SGaAs3>*£ FJK5±fcCrfl!ffiB34, Pt*MJB37*^E 

snti/^o crttaOT34atfpt*Hji37*«ai 

8&3WB28±fci*itr * cfc 5 LTAu-Ge-&£Ji33atf E£ 
nri/^So Au-Ge^£JB33afc)\ «85K^H28± 
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fcit±*n*J:3*cbTteaJ116a^EStlT^*o * 
LT, Pd«aWB38*\ «i«tt*S28©-»te»bEO*6 
3t§/116a£iSoT. »54*«*« «fc5fcLTESftT^ 

So 

[0 0 16] fLT, % 1 U-1fgPONi/AumS§S36 
fc, ft 2 If SI$OAuH5e^@^33a%J-Sn^Jf35 
te*oT»««ftTl^So Sfc* ftl U-lfgPOTi/Au 
®8SJ132i:, ft 2 L>— *f ffiOPd«ffiJB38*<Au-Sn^feJ13 
5fcJ:oT»«iStlTt^o ft 1 U-HfBIM> n 

70 SGaNjflUcfc^T. !6»/116A^E«tifcffifcS«ffl!JO 
ffitcT i /A I g L < ttT i /Aufr £ & S «ffi60tf ES ftT V * 
So H««cft2 iffflOnSGaAs81E21fcfcV^Tt6» 
Jl16OE*n^BfcK*fffl0OBtc:ttAij-Geliffi61^E* 
nTV^So 

[0 0 17] frfrSJilffilcfc^T, H 4 ^)«pflSlHlKJ«:^ 

»BE*^>f*--KDtohottfc:±oTlifll , r*cl:*T»# 

Uffi*^*nSnfci:*«BI6J<:^-r 0 Au-Sir&&J135, P 
20 d«M38*^UT, «8R»E5»J128fc:«ai^iJitnSo C 
clT% Pd«SJf38(i % nSAIGaA8«8fE»E5pJ128fcS/3 y 
F*— FDiohott*JBJ«-rS^ JH^rSlO/W 
7XT*ot, MWite. 5^0171 c07?ratc8SnS^T^ 
So ^^tc, Au-GejB33afcnfflAIGaAs«aE»E*»28tt, 

SSC^«8K«, 5c0372(D^[fiiItC 
SStnSo ^etci, iSiLfccfc^CpMGaAsn;^^ hii 

«StK»*WLTU>Sfc»x CrB@S34i: pSiGaAs3> 

30 73CD^fpJtC^nSo «±0 * 5 ^ LT> ft 2 U— If g|UC 

[0 0 18] —73, H 4 (05^81 1 1 ^rSifcWSit^Sttns 
<fc-5fc:«EEAWP*nfci:*«, ft l U-lfWfcttift^ 
SStnSo OS 5. ±iELfePdllffilB38fcna!AIGaAs«»l 
»*JB28*>6ft*S/3 F*— FfciaWlRlO^^ 
^rxagS^^S/'c^, cn«r3BWr"r*o *Pft**DMMc 
fi?lj^tf> GaN^cDftl !f»*|ftf¥«**ft 
i6lcm^^nS3 (aiiPg^ffl) -6Vk^oft, GaAs 
lSOft2 U-1fgP^)««iS?W«lE^^SajBEOm^ 

^ B«2L/— *f»««Bn?«*©t?*«« ±iSOSn*^3 
y F*-^r>T*-K*»*r*«EM4, ft 1 U— 9W± 

[0 0 19] IfSS^ttx ft IS 

tfft 2 If »«a**bW GaN^U-+fi:GaAs^ 
U— 1fOffl«C|8ffiSn*t><OTt4ao^o CT^tf, AllnGa 
P3R U-lf . ' GaAsI^ U— «f , GaN^ U— *f , I nP^ U— If 
^e>SS?*nS20tDU-ifT*fe-3Tfe«fct\ 
H-Ott«3R fr64S U— *f ft?ft«**to*T fe S 

50 8«iS:^7hT^T!?$U>o -T^^^, «^^> 
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lei 9. fcft. Mft. K-.«Wfc tti«^9- 18* 
[0 0 2 0] 3Wc, JMTK#^K«fcSgftW¥«f*L' 

?g i Rvm 2 u-if^o^/ws&ttfc^-r asss i 
(mocvd^) k£ot, ^-n^tiswcfi^sn 

So 

[0 0 2 1 ] IB 1 ^/Wfliii* 1 tt, 

3, pSAIGaN^y FJH14, p§jGaN:n > £ ^ h/!15£: 

SGaAsgj£21±&C. nSAIGaAs^y FH22, iSttl2 
3, p^AIGaAs^'y FB24, p gJGa As 3 > * ^ F/125 

Pirate WfLTf#£ns 0 

[0 0 2 2] igs&^Qtc^-rJ:^^. IBlRtf£S2 
^JHfiiSttK 2^Mffi^rXh^^*/«tCVX^>y 

$0 , ^2^««itWc^ft;^x^^v^tfoTU^ 

ft3Rtf3 f 3^u— *fo«s»*««-r*»fii"e*o 

JSM(Dl&&<D<\\-0Q>&fc&<\\-2Q>j5fa 5 
^2^il1Sig^*2^^:^^T^9l73^]3 , GaAs 

a-rsj^fc* sg i atf» 2 ^s«jfitt k 2«±, :§v 
2 <d y * ^w^iffitc, a?tc^ 2 £ji#t3fi& 2 0 y ^ 

tc*TS 0 

[00 2 3] £ Sic* IB l ^jf «§5tf* l oy y yoB» 

iaRt/y y&tv v^oiHflDsaub, mz&mm&foz 

coy y S?©]Hffl2aRtf SW2b^— SB* y y S*DSffii"S 

we ©±*p zjmL xfmm 1 6*&f&-? s . 

1aRt/SSB1btC> pSJGaNny*^ FJg15Rt/n SGaN/S 

iiA<*n^n»Hi-rsas5i&tf523fejBiS'rs 0 

£ S3 2 £Ji Jfliift 2 CO y v y $><&]Bffl2aR S8Kb Jc . p 
SGaAsn y$ >7 FJ125Rtf n §!GaA$g«21#SfcH*f S58 
W53Rtf 54**ft*nj&S"r So 
[0 0 2 4] ff lMfl»{fcl4>±lCtt* ^BtC^51^r 
fl* L T p SIGaN 3:x££FjS15±lcNi 3 1 /Au * 
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HaSa/Au-Sn^JBaSSrUBJcffie-rSo £52*r/h 
UTnSGaNJH1±»i:Ti/AuaffiJi32/Au*MJB35a/Au- 

Sn*AH36*«fc«l» , r». *2*JMBM*2 4>±fc: 
tt, fi53«r^ Un §JGaAsg&21 ±KAu-Ge-&£Ji33/'A 
u*BJB35a*, $fc, £54€r*>LT pSAIGaAsJB25±fc 
Cr€^34/Au*P^)S35a^rCCO|lH^®S*rSo dcD^ 
2^JB«ifi(*2ti, 3451CT5$i1IB07-— JM&fro 
T\ Au-Ge-fr*«ffiJB33/nSaGaAsat«2107n>f 

70 [0 0 2 5] W±0<tatilUTlSiaL/c:^lRti r m2^ 
JMBBttl* 2*. Sl/>»Cfi8)Kffi^flgfiR*nfc«51i:53 
Rtf52£54£tfttft^S£?tco£fcfr#T^ -Tftfe'S 
US 1 ^Jf *§}g» 1 O y V ^OIW a fc» 2 £JHBfitt 2 

to y v ^<o«»2b*\ * fcis i i co y ^ s^o 

Sgfll b t m 2 2 CO y *y 5>©m»2aflWfll* s 

So *^*»&te:*l#^T, » 1 Rtf SB 2 ^»«itf* 1 , 

2 te: y v i?<oftm t mmc^-ti 4 stf 4 • & *^ 1; 

20 TffilHi***ff5fc»*A<ffi»* , ta*T»*bl/^o 

[0026] Hiotci^-rj;-5^. WtemiR.zf9i2& 

<ti^*4-7j<^ (5—10%) 3?H**T*Au-Sn^«0«S 
iaSTfeS278°CJ^±tC*D^*rSi:. Au*HJ135a«. Au 
-Snd*H35fc:ft0a*tlTlB 1 Rtf» 2 

K 2«rB»-&U«)6nSo 1 ^JWRSBf^ 1 A" 

h ^ ^y e> y«HT?*«tt** L&i/ vy-? r-r ts^io 

^&200-300nm<O«Eft«r*i-SU— 1f)tt«:ST*o ^ 
SOU- tf^cWLT, *7r-<T«aiWT«S*% Ga 

— «f3t*KiRUT»l»U, GaNttftJBGafcfijRJC^jW-T 

So ^GaOBW&ttSfflSft-tffcSfc*, IHE*401CS 
aEtiP^*t^Ga*'»»bT*7rY7»«10^*J 

^nscorfeSo c^bTff&nfe-y-^r-fTaaEio* 

40 [0 0 2 7] Scfc, S|«14«:Wr«*2^Ji«5H*2 0 
nSGaAsSS21ti. Wmi4O5i^?) ; ec0j¥^^< *T 

tPX^— CC0±tcAu-Ge-&^^^^:S 
tt, M 1 Rtf JB 2 ^S^iS* 1 , 2 OBW0)*fk*^ c 

jo fc^gfiw>issreff3o 
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[0028] 0iuc^-r<fc9^. #&tifcs \Rx1m2 
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